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0 Time division multiple access radio communication system. 

0 fai a time divtston muttiple access radio commu- 
nication system constituted by a pluraiity of repeater 
stations (5. 6) and a plurality of temiinais (4' , 51, 
only when the time slot in both the upward and 
downw a rd directions is identical In a repeater station, 
the repeater station repeats data in the time slot. 
Downw^ data of a time slot used by a subscriber 
In an upward zone is not repeated to downward 
' stations, theret>y saving power. 
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TCme DhHsion MuKipie Access RadEo Communicatfon System 



BsckQTound of the lnv8ntfon 

The present rnvontion relates to a Time Di- 
vision Multiple Access (TDMA) radio communica- 
tion system and. more particularly, to a repeater 
station in the TDMA radio communication system. 

A system of this type is normally constituted 
by an exchanger connected to a plurality of sub- 
scriberSt a b^e station which is connected to the 
exchanger and has a radio transmttter/recetver so 
as to link the radio subscribers within its service 
zone (home zone) wHh the exchanger, and a plural* 
ity of mpe^ ^ons which have individual home 
zones and pnsvide repeater services to the radio 
subscribers within the corresponcfing home zones. 
The repeater station closer to the base stafa'on Is 
refenred to as a "higher* repeater station towards 
the others, and the repeater station at longer dis- 
tance from the base station than others is referred 
to as a "lower" repeater station towards the others. 

Each repeater station has a downward receiver 
for receivirrg a downward sigr^ from the higher 
repeater station, a downward transmitter for trans- 
mitting the downward signal to the lower repeater 
station, an upiward receiver for recehnng an upward 
signal from the lower repeater station, and an up- 
ward transmitter for transmitting tf>e upward signal 
to the higher repeater station. 

Communication t>etween subscribers is time- 
divisionally performed, aid at least one time slot is 
assigned to one communication (single speech or 
data). 

Conventionally, when a radio subscriber in the 
home zone of a higher repeater station commu- 
nicates with a ^bscriber connected to the ex- 
changer via the base station* the downward trans- 
mitter of the higher repeater station is operated 
over all the time slots. More speciftcally, even 
though a subscriber in the home zone of a lower 
repeater station does not perform communication, 
a downward transmitter of the higher repeater star 
tion is driven, thus wasting power. 



Summary of the Invention 

It is an object of the present invention to pro- 
vide a TDMA radio communication system which is 
free from the conventional drawbacks, and can 
reduce power cortsumption in repeater stations. 

According to the present inventkxi, there is 
proviuau a TDn4A radio communication system 
comprising: one base station; a plurality of repeater 
stations for sequentially repeating a radio signal 



received by and transmitted from the base station; 
and a plurality of temninals for communk:ating the 
radio signal with the base stetion via the repeater 
stations, each of the repeater stations including 

5 repeater means for repeating the radio signal using 
a time slot assigned to. each of the terminals, 
wherein each of the repeater stations further com- 
prises means for detecting a time skrt in upward 
communication, and means for activating the re- 

10 peater means in association with only a time slot in 
downward communication conresponding to the de- 
tected time skst in upward communication. 



75 Brief Description of the Drawings 

Rg. 1 is a block diagram showing the overall 
arrangement of a TDMA radio communicaticm sys- 
tem according to the present invention: 
20 Rg. 2 shows a format of a downward frame 

configuration used in tiie present Inverrtion; 

Rg. 3 shows a bit configuration of a coritrol 
time slot shown in Rg. 2; 

Rgs. 4A and 4B show brt conftguratiCHfis of 
25 re^^ective time sksts; 

Rg. 5 is a bk)ck diagram showing an ar- 
rangement of a repeater station shovm in Rg. 1 
and 

Rg. 6 is a timing chart for explaining tiie 
30 effect of the present invention. 



Detailed Description of the Prefened Embodiment 

05 Rg. 1 is a block diagram for explaining the 
overall anangement of a TDMA communteation 
system according to tiie present invention. This 
system can serve for 128 radio subscribers. 

Referring to Rg. 1, a plurality of subscriber's 

40 telephones 1 are connected to a local exchanger 2 
through con-esponding subscriber's lines. The k>cal 
exchajiger 2 is connected to a base station 4 
through a DRCS (Digital Radio Communication 
System) exchanger 3. The base station 4 has a 

45 transmitter/receiver, and can provide sennces to 42 
radio subscribers 4'-1 to 4'-42 within a home zone 
A. The base station 4 is radio-connected to a 
distant repeater station 5 (to be described later). 
The repeater station 5 has a Uome zone B and can 

50 provide services to 43 subscriber's radio terminals 
5-1 to 5'-43 within the home zone B. The repeater 
station 5 is radio-connected to another repeater 
station 6 which can provide repeater services to 43 
subscriber's radio terminals 6-1 to 6'-43 within its 
home zone C. Each of the repeater stations 5 and 
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8 has set upMi'd trsismittsf, sn upward rocotvor. g 
do wi ward tianai T UttB f^ and a downward recetver 
inciucfing antmias. tn this instance, the repeater 
stations 5 ^ 6 are higher and tower repeater 
stations, reflectively. 

Each radio subscnber in the home zone A, B 
or C is connectad with the repeater station in the 
correspondirtg home zone. 

Rg. 2 shows a frame configiiratton used in this 
system. 

As shown in l=fg. 2, one downward frame has a 
(2,8t6-bit) configuration, and consists of a 
guard time GTO (22 biits), a control time stot TSO - 
(304 tjits). aemi frfteen 168-bft speech time slots 
TSl to TS15- 

The control time slot TSO has a bit oonfigura- 
tkm shown in Rg. 3, which inctudes a preamtile 
PRE <16 Ms), a frame synchronization FRO (16 
bits), and control information C (272 tnts). 

Rgs. 4A and 4B show fc>(t corrfigurations of time 
slots of speech and data, respectively. R^enfng to 
Rgs. 4A and 46. reference symt>ol FRNV denotes 
a time ^kA synchronization voice start code word; 
FRNC, a time slot synchronization data start code 
word; I, speed or data information; and E & M and 
INS. addHionai speech information. 

In the system shown in Rg. 1, the control time 
^ TSO is always trans m it te d, tf the 15 time skits 
am equally assigrted to the three service zones A. 
B. and C. each zone can use fhre time slols. For 
example, the time slots TSl to TS5. TSC to TS10, 
and TS11 to TS15 are respectively assignad to tfie 
zones A, B, and C. It should be noted ttrat ttie time 
slots may tie assigrred to each zone by using so- 
callad demand-assign tectinique. 

Fig. 5 shows the arrarrgement of ttte repeater 
station 5 in the system sfiown in Rg. 1. 

Refening to Rg. 5. the output tenminal of a 
downward receiver 10 is connected to ttie input 
terminal of a serial-to-parallel converter 11. The 
serial-to-parallel converter 11 recehres serial input 
data and outputs parallel data for each data cor- 
responding to each tin>e slot The converter 11 
supplies the parallel data for each time slot to 
those of start code detectors 12, to 12„ (in this 
case. £1 is 15) arxi ranckxn-access memories 
(RAMs) 13, to 13„ which correspond with tfie time 
slot. The output terminals of the start code detec- 
tors 12, to 12„ are respectively connected to the 
first input terminals of corresponding AND gates 
14, to 14n. The second ir^xit terminals of tire AND 
gates 14, to 14^ respectively receive downward 
squelch signals 112, to 112« from the receiver 10. 
FiAllmnmore, the third input terminals of the AND 
gates 14, to 14„ respectively receive tfie output 
signals from timing circutts 25, to 25n (to be de- 
scritied later). The output terminals of the AND 
gfOas 14, to 14 n a^e respectively connected to ttie 



control input temninals of the con^esponding memo- 
ries 13, to 13n* Parallel data from menK)rles 13, to 
13ft are respectively supplied to the input terminal 
of parailef-to-serial converter 16. Downward serial 

5 transmtsston data 113 is supplied from the paraliel- 
to-seria) converter 16 to a downward transmitter 30. 

Meanwhile, the output tenminal of an upward 
receiver 20 is connected to the input terminal of a 
seriaHo-parailel corrverter 21 . T>ie output from the 

70 serial-to-paraliel converter 21 is supplied to those 
of start code detectors 22, to 22n and memories 
23, to 23„corresporujtr^ to each time slot The 
output tenminats of the start code detectors 22, to 
22„ are respectively connected to one input temni- 

76 nals of AND gates 24, to 24^. The other Input 
terminals of the AND gates 24, to 24n respecth^ 
receive upward squelch signals 122, to 122., from 
the receiver 20. The output terminals of the AND 
gates 24, to 24^, are respectiv^y connected to the 

20 control input terminals of the corresponding memo- 
ries 23, to 23,^ the input terminals of the timing 
circuits 25, to 2S„. Parailei data from the memories 
23, to 23n are suppBed to the Input tenminal of 
paralieMo-serial converter 26. Upward serial trans- 

25 mission data 123 converted is supplied from 
parallel-to-serlal converter 26 to an upward trans- 
mitter 40. 

The operation of the repeater station 5 shown 
in Rg. 5 will now be described. 

3D Reception data received and demodulated by 
the downward receiver 10 is input to the seriaHo- 
parallel converter 11. Tlie input data cortverted to 
parallel data by the converter 11 is input to those 
of the start code detectors 12, to 12^ and the 

35 memories 13, to 13n which correspond with its time 
slot When ttie start codes (Rgs. 4A and 48) are 
detected from the correspor)ding time slots, the 
start code detectors 12, and 12„ produce hfi^ 
level ("H") output signals. The receiver 10 to 

40 level the downward squelch signals 112, to 

112. c^ng reception of ttie Input signals. How- 
ever, the outputs from the AND gates 14, to 14n 
will not go *'H'* simply upon detection of the start 
codes of the cone^x)nding time slots and setting 

45 of the squelch signals at **H* level. More specifi- 
cally, ttie outputs from ttie AND gates 14, to 14„go 
•H* only when tfie *H" signals are supplied thereto 
from ttie corresponding timing circuits 25, to 25p. 
Then, the data supplied from ttie corresponding 

so memories 13. to 13„ is output through ttie parallel- 
to*serial converter 16 to the downward transmitter 
30. 

The timing circuits 25, to 25„ produce "H" 
output ^gnats as follows. The reception data from 
55 ttie downward repeater station 6 (Rg. 1) is Input to 
the S9ria.*-to-p^lGl convarior 21, and the outputs 
ttierefrom are respectively supplied to the start 
code detectors 22, to 22„ and ttie memc»ies 23, to 
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23^ Whar th& upward reoaptiorr squetch signaJs 
and the stat codas are detscled^ tte outputs from 
the ANQ 24, to 24^ corre^XKidtng to the 
respective tinna ^ots go to 'Ti*' level Tben. data 
from the rrTUfiicuies 23i to 23n ars Uaiisirutted from 
the upwaxt transmitte 40 tfirough the pfflBlleHo- 
sarial converter 25. At the same time, the "H" 
outputs from the AND gates 14i to 14n are also 
supplied to the corresponding timing circuits 25, to 
25n, and the "H" signals are supplied from the 
timing circuits 25, to 25n to the third input terminals 
of the coHBsponding AND gates 14, to 14n. More 
spedficatly, tfre repeater station 5 monitors both 
the upward and downward start codes, and re- 
pe^ss the ckiwnward data OTiy for the time slot In 
which both the upwatl and downward start codes 
are delected^ 

Rg.. shows the operating stale of the down- 
wsd* trsTsmitter in the higher repeater station 5 
during conmiunic^on of the tower repeater station 
6. As can be seen from Rg. 6, the transmitter 30 of 
the repeater station 5 is turned on only in the time 
slots TS11 to TS15 which are assigned to the 
home zone C of ttie repeater station 6, and is 
turned off in other time slots TS1 to TB10. There- 
fore, power consumed, by the transmitter 30 is 
expressed by: 

(304 + 166 X 5)/2at6 = 1134/2816 = 0.40 

In this manner, about a 60% of power saving is 
obtained when compared with a conventional tech- 
nique in which the trsrsmitter is turned on in ail the 
time slots* 

About 20% to 25% of total power Is expected 
to be saved when considering power consumed by 
tfie upward and downward transmitters/receivers, a 
control panel, and the like mounted on the repeater 
station. 

As can be understood from the above embodi- 
ment, tfie present invention is very effective to 
reduce the power consumption of the higher re- 
peater stations when a large number of repeater 
stations scb installed. 



a plurality of repeater stations (5, 6) for sequentially 
repeating a radio signal received by and transnrttt- 
ted from said base station; and 

5 a plurality of terminals (5' . 6') for communicating 
the radio signal with said base station via said 
repeater stations, 

each of said repeater stations including repeater 
70 means for repeating the radio signal using a time 
sbt assigned to each of said terminals, character- 
ized in that 

each of said repeater stations further comprises 
75 means (22) for detecting a time slot In upward 
communication, and means (14, 25) for activating 
said repeater means in association with only a time 
slot in downward communication corresponding to 
ti^ detected time slot in upward communication. 
20 2. A system according to claim 1, wherein said 
repeater means comprises memory means (13, 
23) for storing upward and downward reception 
signals; means (12. 22) for detecting a time slot in 
use: means (14. 24) for conb'otling a readout opera- 
25 tion of said memory means corresponding to the 
detected time slot and means (16, 26, 30, 40) for 
transmitting the output from said memory means. 

3. A system according to claim 2, wherein said 
means for activating said repeater means com- 

30 prises a timing circuit for generating a control sig- 
nal In accordance with the output from said time 
slot detecting means (24) for detecting a time slot 
in upward communication, and means (14) for en- 
abling the output from said memory means in 

35 accordance with the control signal. 

4. A system according to daim 2. wher^n said 
time slot detection means includes a circuit (12) for 
detecting a start code of each tin>e slot 

5. A system according to claim 2, wherein said 
40 memory means (13) includes a random-access 

memory provided for each time slot 

6. A system according to claim 3. wherein said 
means (14) for enabling the output from sttd mem- 
ory means includes an AND circuit which receives 

45 the output from said timing circuit (25) as one 
input 



Claims 

1. A time division multiple access radio com- 
munication system comprising: so 

one ba^ station (4); 

55 
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